The incidence of gastro-oesophageal reflux in children undergoing general anaesthesia has not previously been studied. Onehundred-and-twenty children (ASA Class 1-2) were studied intraoperatively using continuous oesophageal pH monitoring. The incidence of reflux was 2.5% (3 of 120). None of these three patients had an adverse respiratory event. There was no correlation between reflux and adverse respiratory events. Thirteen patients had minor respiratory events without evidence of acid reflux. Gastro-oesophageal reflux does occur in healthy paediatric patients having minor surgery, but was not a significant cause of the adverse respiratory events that occurred in our study.
Transient adverse respiratory events are not uncommon in children under general anaesthesia. The potential causes are multiple and include inadequate airway maintenance, upper respiratory tract infection, irritation of the respiratory tract by physical stimuli (endotracheal tube, saliva) or chemical stimuli (refluxed gastric acid, isoflurane), and application of a surgical stimulus that is excessive for the level of anaesthesia.
Gastro-oesophageal reflux occurs in 4 to 26% of adult patients under anaesthesia l -4 • In one study of 16 children there were two episodes of reflux under anaesthesia (12.5 0/0)5.
However, the techniques used for detecting reflux are variable but not strictly comparable. They have included visual assessment for the presence of previously administered gastric dye in the hypopharynx l . \ "onetime" measurement of hypopharyngeal pH at the conclusion of surgery with litmus paper" or use of an oesophageal pH probe for once-only measurement 4
•
There has been only one study in adults using a pH probe continuously during anaesthesia via mask 6 and no episode of reflux was detected in this study.
In children aspiration pneumonitis following regurgitation under anaesthesia is rare, being estimated at one to 8.6 cases in 10,000 7 • 8 but appropriate studies to demonstrate a correlation between gastro-oesophageal reflux and minor respiratory sequelae have not been performed. Risk factors have been identified 7 -9 and various recommendations have been made concerning risk minimization. These include identifying risk groups, fasting guidelines, and prophylaxis. Manchikanti lO estimated that 60% of the paediatric population is "at risk" using the criteria of gastric volume greater than 0.4 ml per kilogram and gastric pH less than 2.5, despite what appears to be adequate fasting. The day-stay population has also been shown to be "at risk" on the basis of greater residual gastric volumes possibly secondary to stress and anxietyll.12.
The aims of our study were to determine the incidence of gastro-oesophageal reflux under anaesthesia in children having minor elective surgery on a "day-stay" or "surgery on day of admission" basis using oesophageal pH monitoring, and to assess the relationship between gastro-oesophageal reflux and adverse perioperative respiratory events.
METHODS AND MATERIALS
The study was approved by the institution's Ethics Committee, and informed consent was obtained from the parents of all patients.
All patients were ASA class 1 or 2. Patients were either day-stay patients or admitted on the day of surgery for minor elective surgery. Patients excluded from the study were those having major surgery with full hospital admission, those in ASA class 3 or above, and those receiving Hz-receptor antagonists, omeprazole or antacids. All patients were fasted for six hours from solids and formula milk and four hours from breast milk and clear fluids.
Anaesthetic technique, including premedication, was left to the discretion of the anaesthetist involved. All patients in the study were anaesthetized by two of the four authors (J.M. and B.N.). Following induction of anaesthesia, a pH probe (Beckman 39042 stomach pH glass electrode, Beckman Instruments Inc. California) was inserted into the upper oesophagus. The depth of insertion of the probe was determined by adding the distance from the upper incisors to the angle of the mandible to the distance of the angle of the mandible to the sternal notch. The pH probe was 5 mm in diameter, with a response time of ten seconds to 98070 of final reading. The probe was connected to a pH meter (ACTIVON 110, Activon Scientific Products Co., Thornleigh, N.S.w.) and a paper chart recorder (Omniscribe D5217-2, Houston Instruments, Austin, Texas) which allowed continuous recording of pH. A reference electrode was placed on the patient's left shoulder. Probe accuracy was confirmed between cases using reference solutions of pH of 4 and 7.
Patient details recorded included age, sex, medical history, medications, surgical procedure, duration of surgery, and anaesthetic management. Any significant clinical events occurring intraoperatively were recorded, in particular laryngospasm, bronchospasm, breath-holding, coughing and unexplained haemoglobin-oxygen desaturation. The probe was removed as the patient was awakening, before leaving the operating room.
RESULTS
One-hundred-and-twenty patients were studied, with ages ranging from six weeks to 14 years old, and weights between 3.5 and 45 kilograms. A list of premedications used and the type of surgery the study group received are shown in Tables 1 and 2 . All patients had an inhalational induction with oxygen, nitrous oxide and halothane. In ninety patients the anaesthetic was continued via mask, whilst the other thirty were given a neuromuscular blocking agent, intubated and ventilated.
During anaesthesia, 117 patients maintained an oesophageal pH between 5.0 and 7.0. This compares favourably with a previous study9. Three patients had significant oesophageal pH changes intraoperatively. These cases are now outlined.
CASE 1
A two-year-old male (ASA 1) with no significant history, undergoing circumcision, received no premedication and mask anaesthetic. Upper oesophageal pH fell from a baseline of 6.9 to 4.0 over a period of two minutes, and then gradually returned to baseline over two to three minutes.
CASE 2
A three-year-old male (ASA 1) with no significant medical history, having a hydrocoele repair, received no premedication and mask anaesthetic with aid of a Guedel airway. On insertion of the probe, pH was recorded as 4.0 and fell to 2.4 over two minutes where it remained for the rest of the procedure (ten minutes). On inspection of the pharynx at the end of the procedure, a small amount of clear fluid was seen but the larynx was unaffected.
CASE 3
A nine-week-old infant, with a history of prematurity (31 weeks post-conception) associated with apnoeas and bradycardia, having bilateral inguinal herniotomies, was fasted for four hours from breast milk, received no premedication, inhalational induction followed by neuromuscular blockade with atracurium, intubation and ventilation. The procedure lasted 40 minutes. Initial pH was 6.0 and decreased to 3.5 at a time corresponding to skin incision. The pH then slowly returned to baseline over five minutes.
In all three cases the pH readings were consistent with gastro-oesophageal reflux. Importantly in none of these cases was there any evidence of aspiration as assessed by clinical state. All 120 patients remained well in the postoperative period. Thirteen patients (to.8OJo) had signficant clinical events intraoperatively. The cause of these events was not apparent, however their details are outlined in Table 3 . All of these events were transient and treated effectively with conservative methods (i.e. increased oxygen concentration, PEEP, assisted ventilation). None was associated with changes in oesophageal pH.
DISCUSSION
Acid reflux, as assessed by upper oesophageal pH monitoring, in this study group occurred in three of 120 patients (2.5%) including one of the 30 patients (3.3%) whose airways were intubated and ventilated and two of the ninety patients (2.2%) who received mask anaesthetics. The three episodes or regurgitation were not associated with alterations in respiratory status. There were 13 episodes of respiratory deteriora-. tion not associated with evidence of reflux.
Overall the 2.5% incidence of reflux has a 95% confidence level of 0.5-7.1 %, while the 10.8% incidence of respiratory events has a 95% confidence level of 5.9%-17.9% (Exact method). Although the lack of correlation is obvious in this sample, it is not possible to extrapolate to the population sampled due to the relative rarity of the conditions. The sample size required depends on the degree of correlation that is deemed clinically significant. For example, if it were thought that nothing less than doubling the incidence of respiratory events was clinically relevant, a 2.5% incidence of reflux, assuming a power of 80%, would require a sample of 4,568 children. Even if the true incidence of reflux were 10%, then the sample size would need to be 1, 200 to show absence of correlation. Despite this, it is fair to say that gastro-oesophageal reflux was not a significant cause of the respiratory events seen in our study.
Anaesthesia and Intensive Care, Vol. 23, No. 5, October 1995 The incidence of reflux compares favourably with other studies that varied in incidence from 4 to 26%1-4. However, apart from the small study mentionedS, all these studies were done in adult populations, and did not exclude patients on the basis of emergency or major operation or ASA class. The incidence of reflux increases with emergency surgery, laparoscopy, laparotomy, neurosurgery and ear, nose and throat surgeryl-3. None of the patients in our sample were in these "risk groups". Anaesthetic technique is also important. There is an increased incidence of reflux in patients whose tracheas were intubated and ventilated. Blitt and co-workers 1 showed an incidence of 12.3% in the intubated group compared to 4.5% for the mask anaesthetic group. Turndorf and co-workers 3 showed a similar difference, 20% compared to 5%. The prone and Trendelenburg positions also contribute to an increased incidence of reflux 1 ,2. Patients who cough or buck (on the endotracheal tube) during anaesthesia also have a greater incidence of reflux ll • Therefore adequate reflex depression is important. In none of the three cases of reflux in this study was there evidence that it was caused by inadequate reflex depression.
Despite the great morbidity and mortality of aspiration pneumonitis, this is a rare complication of anaesthesia (one to 8.6 in to,OOO paediatric anaesthetics) and usually occurs in the high-risk groups only.
Our study was limited in several respects. A sample size of 120 is insufficient to accurately determine the incidence of reflux (95% confidence interval 0.5%-7.1 %), and the correlation with respiratory events. Also, we monitored pH in the upper oesophagus only. This may have resulted in some episodes of reflux being missed due to the refluxed acid not reaching the upper oesophagus. However, monitoring pH at the upper oesophagus is more appropriate for detecting clinically relevant reflux.
There is no published data looking for a correlation between reflux and transient adverse respiratory events under anaesthesia in children or adults. Our study failed to demonstrate a correlation, although our sample population was small. Of particular interest, however, is that all documented episodes of respiratory compromise in our study were unrelated to acid reflux. Further studies are warranted in this population to establish the causes and risk factors of the transient adverse respiratory events which occur during anaesthesia in this population.
